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CHAPTER 1 
THE PROBLEM
During recent years a considerable amount of con­
troversy has arisen over a proposal to locate a wood pulp 
industry along the main channel of the Flathead River at 
Columbia Falls, Montana. The discussion incident to this 
question revealed that very little information was avail­
able as to the existing water quality of the Flathead 
River. As the Flathead River is used to some extent and 
Flathead Lake is used extensively as sources of domestic 
water and for swimming, a number of area residents have 
indicated an interest in the degree of sewage pollution 
present in the river. For these reasons a year-long 
water quality study of the stream was begun by the in­
vestigator in July of 1965 under the supervision of 
Doctor Arden R. Gaufin.
This study was directly concerned with only the 
Flathead River from The Old Steel Bridge east of Kalispell 
and about twenty eight river miles above Flathead Lake to 
the New Holt Bridge about three and one half miles above
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Flathead Lake. Tributaries between these two points were 
investigated to determine the extent of their contribu­
tion of sewage pollution to the main river.
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CHAPTER II
GEOLCXÎICAL AND HISTORICAL BACKGROUND
I. GEOLOGICAL BACKGROUND
The basic rock formation of the drainage of the 
Flathead River is primarily a precambrian sedimentary 
formation. This formation was thrust up during the 
formation of the present Rocky Mountain ranges and is 
situated on top of newer strata. The lower portion of 
the water course lies in the Flathead Valley which forms 
the most northerly section of the Rocky Mountain Trench 
lying in the United States. The valley itself has been 
altered by the action of continental and mountain glaciers. 
Subsequent to the melting of the great glaciers, the valley 
was flooded by a glacial lake. This advance of glacial 
ice followed by melting and lake formation was repeated 
several times leaving a deep, glacial-sedimentary deposit 
in the valley.
The entire area has developed a coniferous forest 
climax flora. Topsoil varies from two to three inches 
of mineral-poor podzol on the higher mountain slopes to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
as much as five feet of sandy silt loam in some of the 
lower delta regions.
A precipitation gradient exists from a normal yearly 
average of fifteen to sixteen inches a year in the lower 
valley to averages of more than fifty inches a year in 
higher elevations. A greater share of the water from high­
er elevations comes as snow melt which occurs principally 
between April 15 and June 15.
As the water from higher elevations makes up a major 
part of the water in the drainage and because it runs off 
at a relatively rapid rate over a mineral poor soil, the 
water of the drainage tends to be rather low in mineral 
content.
From the headwaters of the river to a point just 
below the location of the Old Steel Bridge, just east of 
Kalispell, this is a typical young stream, shallow, with a 
rather steep gradient and a rocky bottom. From this point 
to Flathead Lake the river is a mature stream with a very 
gradual gradient, a silty bottom, a deep channel, and a 
bordering of many oxbows.
South of Columbia Falls, between the Flathead and 
Whitefish rivers, the topsoil is underlaid with a coarse
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
gravel to such an extent that underground water flow 
five to ten feet below the surface provides a very reli­
able source of irrigation water. The height of this water 
table appears to fluctuate up and down in direct relation 
to the flow of the Flathead River.
II. HISTORICAL BACKGROUND
The river provided one of the early access routes 
to the Flathead Valley, resulting in the establishment of 
the town of Demersville at the head of navigation, about 
22 miles above Flathead Lake during the 1880s. Later, 
with the advent of the railroad, most of the buildings 
in Demersville were moved to Kalispell. However the river 
continued as a route of commercial transportation into 
the 1920s.
Industrially the main stream and its tributaries 
have been used by the wood products industry since before 
the turn of the century. Two oil refineries have been 
located in the drainage area, but only one of these is 
still in existence, and it functions only sporadically.
The largest industry utilizing the river in any way is the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Anaconda Alumlnuon Company's reduction plant at Columbia 
Falls, Montana.
Nearly thirty thousand people use either surface 
or ground water of this drainage for domestic purposes 
and return the sewage effluent either to the ground wat­
er or directly to the stream. This population figure 
includes only permanent residents. At times during the 
summer months an added population of 10,000 visitors al­
so utilizes the water of the upper Flathead.
Agricultural uses of the main stream and tributar­
ies include irrigation, livestock water and removal of 
manure from barnyards and feedlots.
Before the water enters Flathead Lake little use 
is made of the mainstream for domestic water supply or 
for recreation other than fishing and migratory bird 
hunting. However, the water of Flathead Lake is used 
very extensively as a domestic supply and also furnishes 
the base for a sizeable recreation industry which includes 
swimming and water skiing.
Kerr Dam at Poison, Montana and Hungry Horse Dam 
on the South Fork of the Flathead both influence the stream
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
to a marked degree. The Kerr Dam licensing agreement 
specifies maintainance of a lake level between 2883 and 
2893 feet elevation above mean sea level at Poison, 
Montana. The 2893 feet level backs the water in the 
river to a point roughly 24 miles up river from the Lake. 
In turn this causes a comparatively static condition in 
the river over this part of its course. This state de­
velops by the end of spring runoff--usually sometime in 
June--and persists until the start of drawdown, sometime 
in September or October.
Hungry Horse Dam provides three million four 
hundred twenty eight thousand acre feet of water storage. 
During periods of drawdown this water makes up the major 
part of the water in the stream.
^United States Geological Survey, N.W. Water 
Resources Data Center, Weekly Runoff Report Pacific 
Northwest Water Resources.
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CHAPTER III 
REVIEW OF THE LITERATURE
I. STUDY BY MONTANA FISH AND GAME DEPARTMENT
The Montana Fish and Game Department has conducted a 
continuing water quality study on the Flathead River since 
1963. The department, in this study, has collected data 
regarding water temperatures, dissolved oxygen concentra­
tion, pH, total alkalinity and specific conductance.
A publication describing the work carried out 
during 1963 and 1964 states, **Water samples were collected 
twice a month at three stations on the Flathead River and 
at the U.S.G.S. guage station on the South Fork of the 
Flathead River below Hungry Horse D a m . T h i s  study pro­
vides an interesting comparison between water discharged 
from behind a high dam and that of a free flowing stream.
^Hanzel, D.A., Survey of Cutthroat Trout and Dolly 
Varden in the Flathead River and Tributaries Above Flathead 
Lake, Abstract, Job Completion Report, Research Project 
Segment. Project No. F-7-R-13. Montana Fish and Game 
Department, p. 1.
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Over the two year period covered in the report, 
the following values were obtained. Values for pH ranged 
between 7.3 and 8.1 with the South Fork Station (below dam) 
giving consistently lower values. Dissolved oxygen concen­
tration ranged from 9.1 ppm to 14.2 ppm. The samples 
taken at the upstream station on the main river were con­
sistently higher In oxygen concentration than those at the 
South Fork Station, Bicarbonate alkalinity ranged between 
54 and 96 ppm. Readings on the Flathead averaged 80 to 
85 ppm, the South Fork station averaged about 70 ppm.^
Figure 1, depicting these results. Is Included on 
page 10 by permission of the Montana State Fish and Game 
Department.
More recently water sampling has been on a monthly 
basis. A report covering the period October 1, 1963 to 
September 30, 1964, from the United States Geological 
Survey, giving analyses for trace minerals on water samples 
submitted by the Fish and Game Department contributed 
Important Information to the study. This report Is re­
produced In part In Table 1, page 11.
Ibid., p. 4.
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Figure 1. Comparison of water characteristics during 
1963-1964 of Flathead River (Blankenship Bridge) to water 
releases from Hungry Horse Reservoir.
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TABLE I
FLATHEAD RIVER AT COLUMBIA FALLS, MONT.
Chemical analyses, In parts per million, water year October 1963 to September 1964
8 Mag Po
C Q Cal­ ne- Sod tas- Chlor­ Fluo­
O Silica Iron cium sium ium ium ide ride
3
CD (Si03) (Fe) (Ca) (Mg) (Na) (K) (Cl) (F)
"n
c
Maximum level measured 5.5 0.01 30 8,3 2.0 1.5 0.5 0.2
3 .3"
CD
CD
Minimum level measured 3.9 0.00 21 3.9 0.1 0.2 0.0 0.0
■D
O
Q.
Ca
o
3
■D
O
3"
Time weighted average 4.7 0.00 26 5.8 1.3 0.7 0.2 0.1
C T1—H
CD
Q.
g Ni­ Sul­3
O trate fate Specific Conductance
■O (NO3) (SO4) (Micromhos at 25 C)
3
C/)
Maximum level measured 1.4 9.2 210
C/)
o'
3 Minimum level measured 0.1 1.2 147
Time weighted average 0.4 5.4 172
12
II. STREAM FLOW AND GENERAL WATER QUALITY REFERENCES 
Stream flow data were obtained from the Weekly
3Runoff Reports Pacific Northwest Water Resources. A 
graph plotting the weekly average flow of the Flathead 
River at Columbia Falls and that of the South Fork at 
Hungry Horse Dam is included in Figure 2, page 13. The 
Weekly Runoff Report was the source of this data.
Gebhardt and Anderson's discussion of water sanita­
tion in Microbiology provided a theoretical basis for in­
vestigation of sewage pollution in the stream. Ruttner's 
Fundamentals of Limnology was consulted for clarification 
of the relationships of physical, chemical and biological 
factors present. Other works consulted are cited at the 
points of the discussion where they are pertinent.
3United States Geological Survey, N.W. Water 
Resources Data Center, Weekly Runoff Report Pacific 
Northwest Water Resources.
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CHAPTER IV 
WATER QUALITY INVESTIGATION PROCEDURES
I. GENERAL PROCEDURES FOLLOWED
Quantitative tests were completed for dissolved 
oxygen, free carbon dioxide, bicarbonate ion concentra­
tion, carbonate ion concentration and pH on all water 
samples taken from all stations. A test for sulfides 
was conducted on all samples collected after August 
7, 1965 with the exception of samples taken during May 
and June of 1966.
Plankton hauls were made at the same time water 
chemistry samples were taken. The plankton hauls were 
later examined both quantitatively and qualitatively.
Beginning in September, 1965, coliform tests were 
run on a monthly basis. As the test was by nature rather 
inconclusive unless counts were very high, this work was 
supplemented by investigation using a membrane filter 
during July and August, 1966.
Air temperatures and water temperatures were taken 
whenever water was sampled.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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II. SAMPLING STATIONS ESTABLISHED 
Water Chemistry Stations Selected
Four water sampling stations were initially estab­
lished. The upstream station was selected as the most 
convenient point which would reflect the water conditions 
of the stream before it was influenced by tributaries 
which passed through areas having more people and more 
agricultural activity. Interchange of water with oxbow 
lakes was also minimal at this point, because the Flathead 
is still a young river at the Old Steel Bridge.
The second and third stations were located about 
eleven miles above the entry of Flathead River into Flat­
head Lake. This location afforded sampling of the channel 
of the river and also a shallow portion of the stream 
underlaid by a large sandbar. The water in this locality 
carried the contributions of the tributaries which pass 
through the areas more influenced by man and reflected the 
interchange of water with several highly productive oxbows.
Station number four was located at the New Holt 
Bridge, about three and one half miles above Flathead 
Lake. This sampling station was selected because it was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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close enough to the lake that the water was essentially 
the same as that entering the lake.
Plankton Collection Stations Selected
Plankton samples were all taken at Station 3 
where a large sand bar mitigated the river current to some 
extent making quantitative collection feasible.
Conform Recovery Stations Located
Conform recovery stations were established In order 
to determine the extent to which the stream was carrying 
sewage pollution and In an effort to ascertain. In a gen­
eral way, the sources of any pollution.
These stations were numbered C.5 through C.13.
Station C.5 corresponded to Station 1 for water chemistry 
sampling with the numbers becoming progressively higher 
downstream. Investigation of the contribution of the 
Stillwater River, Whlteflsh River and Spring Creek tribu­
taries to the sewage pollution burden carried by the main 
stream necessitated the establishment of Station C.6 on 
Spring Creek and Station C.7 on the Stillwater River.
To determine the contribution of Ashley Creek, Into 
which the effluent from the sewage treatment plant of the 
city of Kallspell flows. Station C.8 was established 600
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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yards above the mouth of Ashley Creek. Station C.9 was 
established at the mouth of Ashley Creek, and Station C. 10 
was established one half mile below Ashley Creek. Roughly 
one and one half miles below Ashley Creek a farm family 
used the Flathead as a source of domestic water. Station 
C.11 was established at that point. Station C.12 was 
located four miles below the mouth of Ashley Creek and 
coincided with the site of water chemistry Station 2.
Water chemistry Station 4 coincided with Station C.13.
Table II is a reference chart giving station number, 
location and purpose of station. A map of the problem 
area showing the general location of each station is in­
cluded as Plate 1.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Station
Number
1-C.5
2 (surface) 
C.12
2 (16M)
3
4-C.13
C.6
C.7
C.8
C.9
Location
Old Steel Bridge, 3.5 ml. 
East of Kallspell on old 
hlway No.2, 100 ft. from 
southeast bank
Along Sonstelle farm,
11 stream miles above 
Flathead Lake, In upper 
1 M. of channel, 150 ft. 
from east bank of stream
Same as 2 (surface) but 
at a depth of 16 m eters
Over sandbar In shallow 
water near west bank of 
river directly across 
from Station 2
New Holt Bridge on Mont. 
hlway 208, 100 ft. from 
west bank of river
100 ft. upstream from 
Spring Creek Bridge on 
U.S. Hlway No.2
50 ft. upstream from 
Stillwater River Bridge 
on U.S. Hlway No.2
600 yd. above mouth of 
Ashley Creek In channel 
of river
Confluence of Ashley Creek 
and Flathead River
Purpose
water chemistry 
collform survey
water chemistry 
collform survey
water chanlstry 
collform survey
water chemistry 
collform survey 
plankton study
water chemistry 
collform survey
collform survey
collform survey
collform survey
collform survey
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TABLE II (continued)
Station
Number
C.IO
C.ll
Location
In river channel .5 
mi. below mouth of . 
Ashley Creek
150 ft. from north bank 
of river, 1.5 mi, below 
mouth of Ashley Creek
Purpose 
COliform survey
coliform survey
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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111. WATER CHEMISTRY ANALYSIS PROCEDURES
All samples analyzed were collected with a Kemmerer 
Water Sampling Bottle.
Quantitative analysis procedures used were those 
described by Needham and Needham as a modification of H.S. 
Davis * methods.  ̂ These procedures were used to analyze 
for dissolved oxygen, carbon dioxide, bicarbonate ion, 
carbonate ion and hydrogen ion concentration. During the 
first six weeks a numerical value was established for pH 
using an indicator solution pH field kit, thereafter only 
the designation neutral could be applied as a simple litmus 
test was the only one available.
Sulfide Determination Methods Adopted
The two tests adopted for sulfide concentration 
were qualitative. Test number one was used on all samples 
with test number two performed in addition on one set of 
samples each month. As the tests were not standard pro­
cedures they are described in detail below.
Collection procedure. A 300 ml. bottle used in
^Needham, James G. and Paul R. Needham, A Guide to 
the Study of Fresh-Water Biology (San Francisco; Holden- 
Day Inc., 1962, Fifth edition), pp. 89-93.
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the standard Biochemical Oxygen Demand test was filled from 
the Kemmerer water bottle.
Test number one. A 1 cm. x 6 cm. strip of lead 
acetate paper was placed in the bottle. The bottle was 
then held at 24 C - 26 C for 48 hours. At the end of 
this time the paper was examined for black lead sulfide 
staining.
Test number two. To the 300 ml. sample three ml. 
of saturated lead acetate solution were added. This sample 
was held at 24 C - 26 C for 24,hours. At the end of the 
holding period, 200 ml. of the sample was filtered through 
a 6 cm, diameter Buchner funnel containing a filter pad 
of No. 1 filter paper. The pad was then examined.
Sensitivity of methods. Sensitivity of both 
methods was checked in the laboratory by attempting to 
detect sulfide in pH 7 buffered solutions of sodium sul­
fide. The concentrations checked were 1 ppm, .1 ppm, 
and .01 ppm. Analyses were performed in triplicate for 
each method at all concentrations. Test number one was 
found to have a reliable sensitivity of .1 ppm, and the 
reliable sensitivity of test number two was .01 ppm.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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IV. PLANKTON SAMPLING, COUNTING AND IDENTIFICATION
PROCEDURES
Methods of Plankton Sampling
As the river current swept its plankton population 
along with it, relatively small volume samples produced 
negative results. For this reason plankton samples were 
taken by making three successive vertical hauls with a 
Wisconsin Plankton Net through the surface three meters 
of water.
Plankton Examination Methods
Net plankton samples were examined qualitatively 
and counted quantitatively. Samples were concentrated 
by straining through a net of No. 25 silk bolting cloth, 
and two 1 ml. portions of each sample were counted using a 
Sedgwick-Rafter counting chamber and Whipple disc by the
9method described in Welch’s Limnological Methods.
Plankton unit defined. A plankton unit counted, as 
the term appears in this report, was interpreted in the 
following manner. In order to be counted as a grid unit
^Welch, Paul S., Limnological Methods (New York; 
Me Graw-Hi 11 Book Co. Inc., 1948), p. 287.
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occupied, a cell must have extended at least half way 
across the grid space. Colonial phyto-plankters, phyco- 
mycete sporangia and zoo-plankters having a relatively 
large overall volume were counted as occupying any grid 
space which they touched. Plankters having relatively 
small cells such as fragments of Anabaena colonies or 
solitary phycomycete zoospores were counted on a basis of 
overall volume occupied. Using this method it required 
that at least three cells of either of the two plankters 
named occupy a grid space for that space to count as 
occupied. Fractional counts were carried from field to 
field, totaled and rounded to the nearest whole number 
when field counts for the slide were tallied.
Qualitative Plankton Examination Procedures
From every plankton sample taken a minimum of ten 
slides were examined, and plankters found were identified 
to genus when possible. Authority for taxonomic classifica­
tion of phytoplankton was primarily G.W. Prescott's Algae 
of the Western Great Lakes Area. 1962 edition. Authority 
for diatom identification was Wm. C, Vinyard's Diatoms of 
Flathead Lake. Montana. The descriptions given by E.A. 
Bessey in Morphology and Taxonomy of Fungi were followed in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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identification of plankton belonging to the phycomycetes. 
Robert W. Pennak's Fresh Water Invertebrates of the United 
States and James G. and Paul R. Needhams' Fresh Water 
Biology were consulted as authoritative sources in identify­
ing zooplankters.
In cases of disagreement among authorities as to the 
taxonomic placement of a number of the genera found in this 
plankton study the system followed by G.W. Prescott was 
adopted.
V. COLIFORM RECOVERY PROCEDURES
Initial Coliform Work
Until July, 1966 all coliform checks were made on 
surface samples and carried out by innoculations of Endo 
Agar cultures followed by subsequent incubation at 35 
degrees Centigrade for twenty four hours. Water samples 
were collected at the surface in sterile glass bottles and 
kept under refrigeration for a period of eighteen hours 
at which time one drop of the water (drop size standard­
ized to 32 drops per ml. at 26 degrees Centigrade) was 
streaked on the surface of Endo Agar in a standard Petri 
dish. Duplicate cultures of all samples were prepared in
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this manner. Colonies were counted at the end of a twenty 
four hour incubation period and a stained slide was pre­
pared and examined microscopically for presence of 
Eserichia coli from every culture on which coliform 
colonies were found.
During the period September, 1965 to April, 1966, 
coliform checks were run on water samples from all sta­
tions on a monthly basis. In May, 1966 an effort was 
made to determine whether Ashley Creek was the only prin­
cipal source of sewage pollution, and the rate at which 
this pollution was diluted or dissipated.
On May 8, 1966 samples were taken and subsequently 
checked from stations C.8, C.9, C.IO, C.ll, C.12, and C.13.
Coliform Procedures Altered
Coliform stations C.5 through C.13 were sampled on 
two separate occasions during the months of July and August, 
1966, These samples were all taken with a Kemmerer water 
bottle as this method allowed depth sampling. When feasible, 
both surface and depth samples were taken. The membrane 
filter method was used in obtaining coliform counts during 
this phase of the investigation. One hundred ml. volumes 
were drawn through the filter except in instances where
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
26
relatively high counts were anticipated. In these instances 
an additional count was made on a 50 ml. volume of water.
Sterilization of the Kemmerer water bottle between 
samples was not practical. However, a difference of one 
or two colonies from a 100 ml. sample would not have sig­
nificantly altered the results obtained. Therefore, during 
a run all equipment was copiously rinsed in the water to be 
sampled.
The reliability of this procedure was checked prior 
to its adoption. A sample of water containing in excess 
of 750 coliform organisms in 100 ml. of water was collected 
and filtered. The equipment was then rinsed thoroughly 
with sterile water. A sterile water sample was then collect­
ed and filtered. This procedure was repeated until five 
samples containing coliforms and five sterile samples had 
been processed. The membrane filters were then incubated 
for twenty four hours and examined for presence of coliform 
colonies. Each of the five polluted samples developed in 
excess of 750 coliform colonies. One sterile water sample 
developed a single coliform colony, the others were coli­
form negative. Equipment was sterilized between sampling 
runs.
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VI. METHOD USED TO TAKE AND RECORD WATER TEMPERATURES
Water tanperatures were taken on a field thermometer 
having a scale calibrated in degrees Fahrenheit. These 
readings were converted to centigrade scale to present all 
data in one system of measurements. Accuracy of measure­
ment was approximately to the nearest 0.5 degree Centi­
grade and was recorded in that manner.
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CHAPTER V
WATER TEMPERATURE AND WATER CHEMISTRY VALUES OBTAINED
Water temperature recordings and chemical data are 
given in the text below. Graphs comparing values at various 
stations are included in this chapter to present these 
values in more detail and to give the comparisons more 
contrast and clarity. The text and graphs summarize the 
complete data which may be found in the Appendix.
Water Temperatures
The maximum water temperature recorded was 20.5 C 
at Station 1 on July 30, 1965. The low of 0.5 C was re­
corded at the same station on January 28, 1966. The 
station with the smallest difference between high and low 
temperatures was Station 2 (16 M.); 19.5 C on July 30, 1965 
and 2,5 C during the months of January and February, 1966. 
Monthly averages of water temperatures are compared for 
Stations 1, 2 (16 M. ) and 3 in Figure 3, page 30.
Dissolved Oxygen
The level of dissolved oxygen ranged from 8.4 ppm 
to 13.3 ppm. Monthly averages ranged from 9.1 ppm at 
Station 2 (surface) in August to 13 ppm at Station 2 (surface)
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in December and at Stations 1,3, and 4 in January. Figure 
4, page 30, presents a comparison of the monthly averages 
of dissolved oxygen level at Stations 1, 2 (16 M.) and 3.
Per cent saturation of dissolved oxygen ranged 
from 89% for November at Station 2 (16 M.) to 116% at 
Station 3 during August. Saturation percentages are plot­
ted for every month studied for Stations 1,2 (16M.) and 3 
in Figure 5, page 30.
Free Carbon Dioxide
Free CO2 concentration ranged from 8 ppm at Station 
2 (16 M,) on October 10, 1965 and November 8, 1965 to a 
trace at Station 2 (surface) on July 9, 1965 and at 
Station 3 on July 16 and 23 and August 26, 1965. Average 
monthly values for CO2 are presented for Stations 1, 2 (16 M. ) 
and 3 in Figure 6, page 31. Figure 7, page 31, presents 
a comparison of CO2 level at Stations 1 and 4 with a blend­
ed average of Stations 2 (surface), 2 (16 M.) and 3.
Bicarbonate Alkalinity
Bicarbonate Alkalinity varied in monthly averages 
frcnn a low in October at Station 2 (surface) of 53 ppm to a 
high at Station 2 (16 M. ) in November of 93 ppm. Over a
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Figure 3. A comparison of monthly average water 
temperatures at Stations 1, 2 ( 16 H.) and 3.
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Figure 5. A comparison of DO levels in % saturation.
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Figure 6. Comparison of monthly level of carbon 
dioxide in water at Stations 1, 2 (16M. ) and 3.
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Figure 7. Comparison of carbon dioxide level at 
Stations 1 and 4 with a blended average of Stations 2 
(surface), 2 (16 M.) and 3.
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year * s time each of the four shallow water stations averaged 
68 ppm. The deep water station had a yearly average of 
73 ppm. Figure 8, page 33, compares the alkalinity values 
of Station 2 (surface) and Station 2 (16M. ) on a monthly 
basis. Figure 9, page 33, presents the gain in alkalinity 
in the lower reaches of the stream by plotting the averages 
at Station 1 in comparison with a blend of the averages 
found at the two depths at Station 2.
Carbonate Ion
The carbonate ion was not detected during this 
water study.
Sulfides
Sulfides were never present during the course 
of this study.
Hydrogen Ion Concentration
A pH value of 7.9 was recorded for all but three 
samples. Two readings of pH 8.0 and a reading of 8.1 all 
at Station 3 were the only variations during the six week 
period when a pH test was available. The litmus test used 
otherwise was invariably neutral.
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33Figure 8. Comparison of alkalinity level at Station 
2 (surface) with Station 2 (16M. )•
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Figure 9. Comparison of alkalinity level at Station
1 with a blended average of Station 2 (surface) and Station
2 (16 M.).
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CHAPTER VI 
RESULTS OF PLANKTON SURVEY
Qualitative and quantitative data are summarized in 
the text of this section. Tables and graphs in this sec­
tion present a more detailed report for each month during 
which the plankton population was sampled.
I. QUALITATIVE SAMPLING RESULTS
Phy ton1ankton representation. Nineteen genera and 
one additional class of phytoplankters were found and 
identified. Of these only one genus of diatom, Tabellaria. 
was present in every sampling during every month during 
which samples were taken. Fraeilaria and Asterionella 
were also present in nearly every sample. The largest 
number of genera were found during July and August while 
diatoms were the only division represented during the 
winter months.
Zooplankton representation  ̂ Six genera of zooplank- 
ton were taken in the plankton samples collected. Three 
genera of crustaceans, two of rotifers and one insect
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genus were represented. As in the case of the phytoplank­
ters, July and August had the greatest variety of genera.
Table III, page 36, lists the genera of plankters 
found and the separate months in which each genus was 
found. It also lists the number of genera found in each 
month plankton was collected.
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TABLE III
QUALITATIVE PLANKTON TABULATION 
PHYTOPLANKTON
36
Divisions
and
Genera July ..
Months
Total
Chlorophyta
Botrvococcus J A
Chlamvdomonas
Pandorina J A
Spirogyra J A
Uronema J A
Chrysophyta
Dinobrvon J A
Cyanophyta
Anabaena J A
Nostoe J -
Desmids
Ankis trodesmus J -
Diatoms
Asterionella J A
Cvmbella J A
Diatoma J -
Fragilaria J A
Novicula J -
Rhizosolenia — —
Svnedra J A
Tabellaria J A
S
S
S
s
- - - A M
0 N D J 
O - D - 
- - D -
M A M 
M A - 
M — —
«• •• 0
N D J F M A M 
N D J - M - M
O N D 
0 N D
J
J
J
— H A -
- M A -
F M A  M
2
2
2
5
2
6
1
10
6
4
10
7
3
9
11
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TABLE III (continued)
Divisions Itonths
and
Genera J u l y ..........   May Total
Euglenophyta
Euglena 2
Pyrrhophyta
Ceratium J A S - N - - F - ^ M  6
Phycomycete
Chytridiomycete - A S O N - - - - - -  4
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TABLE III 
QUALITATIVE PLANKTON TABULATION
ZOOPLANKTON
Class or Phylum Months
and
Genera July ............... Total
Class Crustacea
Bosmlna J A S - - - - - M 4
Daphnia J A ~  — 2
Diantomus J A S O N D J -- A M 9
Phylum Rotatoria
Keratella J A S O N - - * " A H 7
Kelllcotla J - S ------ -- - A - 3
Class Insecta
Order-Chlronomldae (Tendipedidae)
Corynoneura J A ------------ 2
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II. QUANTITATIVE SAMPLING RESULTS
Plankton units counted per liter of water sampled 
ranged from three thousand two hundred on Noveniber 7, 1965 
to no quantitative count possible on February 20, 1966.
The high count in November was due to a high population of 
chytridiomycete zoospores and sporangia. Diatoms made 
up the largest portion of the plankton population sampled 
on every other occasion and the genus Tabellaria consis­
tently gave the highest counts.
On Figure 10, page 40 plankton population trends 
for the twelve month period are plotted. Figure 11 on 
the same page illustrates the percentage contribution 
of each class of plankton to the total years sampling.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
40
Figure 10, Plankton population trends
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Figure 11. Groups contributing to year's aggregate 
by per cent contributed.
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CHAPTER VII 
COLIFORM RECOVERY DATA
The text of this section presents a summary of 
results obtained by both methods of coliform recovery 
previously described. The final pages of the chapter 
present tables in which the number of colonies counted 
for each sample is listed by station and date,
I. COLIFORMS RECOVERED BY ONE DROP INNOCÜLATION METHOD
By streaking a single drop of water on Endo Agar 
plates, conforms were recovered from all stations checked 
except Station 1 at the Old Steel Bridge. Colonies de­
veloped from at least one other station sample on all 
occasions September through May inclusive. During the 
four month period starting in November, coliform counts 
were consistently high at all lower stations sampled.
The sample taken at Ashley Creek during May developed 
more than four times as many colonies as the average of the 
samples taken from the other stations.
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II. COLIFORM COUNTS OBTAINED BY MEMBRANE FILTER TECHNIQUE
Coliform colonies developed from all samples taken 
by this technique except those from the Old Steel Bridge 
station.
The final series of samples indicated higher coli­
form counts in all tributaries sampled than in the Flathead 
River. In all cases the number of colonies developing 
from tributary samples was above the range of accuracy 
for the sampling procedure employed.
The river stations developed consistently higher 
colony counts above Coliform Station C.12. All stations 
on the river developed higher counts from samples taken 
at a depth of 8 meters than from surface samples.
The sample taken at 8 meters of depth 600 yards 
above the mouth of Ashley Creek developed a coliform count 
of 632 colonies from 100 ml. of water. Counts of 461 and 
465 colonies per 100 ml. were obtained from the 8 meter 
samplings between Ashley Creek and C.12. One hundred ml. 
of water sampled at 8 meters from Holt Bridge station 
yielded 173 colonies of coliforms.
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III. COLIFORM lABUIATIQN
The results of all coliform recovery work completed 
in this investigation are compiled in Table IV, page 44, 
and Table V, page 45.
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TABLE IV 
COLIFORMS RECOVERED BY ONE DROP 
INNOCÜLATION METHOD
1965 Sampling date 1966
Day 12 __3 1É 12 28 20 27 12 8Station Mo. 9 10 11 12 1 2 3 4 5
1-C.5 0 0 0 0 0 0 0 0 0
0 0 0 0  0 0 0 0 0
C.8 - - - - - - - - 0
0
C.9 - - - - 4
5
2 
3
2 
0
1 
1
1 
0
1 
0
Two plates counted/sample 
Whole numbers = coliforms/
C. lU
c.ll — - - - - - - -
2-C.12 0 2 1 1 3 3 1 2
0 1 1 0 2 3 0 0
3 0 0 3 2 3 2 0 1
0 0 2 1 1 1 0 0
4-C.13 0 2 1 2 5 4 0 2
0 0 2 1 3 1 0 1
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TABLE V 
COLIFORMS RECOVERED BY 
MEMBRANE FILTER METHOD
45
Station
Day
Mo.
10
7
Sampling date 
30
7
1966
25
8
Sampling
Depth
C.5 0 0 0 surface
C.6 mm 46 750 surface
*14 *750
C.7 mm 16 750 surface
*12 *750
C.8 43 mm 192 surface
632 8 M.
C.9 50 — 750 surface
750 8 M.
C.IO 31 262 surface
461 8 M.
C.ll 31 224 surface
465 8 M.
C.12 42 «- 102 surface
161 8 M.
C.13 40 121 surface173 8 M.
Whole numbers = coliforms/100 ml. sample, 
* indicates coliform count/50 ml.
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CHAPTER VIII
DISCUSSION OF WATER TEMPERATURE AND WATER CHEMISTRY RESULTS
The nature of a stream is Influenced greatly and the 
state of a stream is indicated to a marked degree by its 
temperature range and the carbon-oxygen cycles it displays. 
This chapter deals with the investigator's interpretation 
of the chemistry and temperature values presented in 
Chapter V.
I. TEMPERATURE CHARACTERISTICS OF A COLD WATER STREAM 
A maximum temperature of 20.5 C leaves the Flathead 
well within the limits of a cold water stream. During nine 
months of the year a temperature fluctuation of only seven 
degrees centigrade was recorded. The greater fluctuation 
at the upstream station may be accounted for if the nature 
of the stream is considered. Above the upstream station 
the Flathead is a fast shallow stream which is warmed more 
by insolation and higher air temperatures on a warm summer 
day. During the winter this shallow water gives up heat 
more readily to cold air. The 16 M. station had the narrow­
est temperature range. This location more nearly reflected 
conditions averaged over a longer period of time.
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Station 3, located in shallow, relatively quiet water had 
intermediate characteristics during a large part of the 
year. During low water months it was a shallow station 
located in the main current. For a time during the summer 
and early fall, the location of this station, semi-isolated 
from the main current by a sand bar, caused it to be effect­
ed to a greater degree by fluctuation of air temperatures.
From the standpoint of temperatures, the Flathead 
was suitable as a source of domestic water. The temper­
ature range must be considered ideal for cold water fish. 
However, the low temperatures which prevailed resulted in 
a low rate of decay of any organic matter in the stream. 
These temperatures were more suited to preservation than 
to decomposition.
II. HIGH DISSOLVED OXYGEN LEVEL 
Concentrations of dissolved oxygen ranging between 
9.1 ppm and 13 ppm and a degree of saturation ranging 
from 89% up to 116% indicated that the Flathead was a 
very healthy stream during the investigation period.
As the quantitative results indicated an abundant 
oxygen supply at all times it is more informative to 
discuss results on the basis of per cent saturation.
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Station 3 accumulated additional oxygen from wave action 
and from the photosynthesis carried on by a considerable 
growth of Potomogeton and Ceratophyllum. From December 
on, neither of these two factors applied, and the differ­
ences between Station 3 and Station 1 may be explained 
only on the basis of day by day changes in the stream it­
self and the influence of tributary streams between the 
two stations.
Station 2 (16M. ) showed a depletion of oxygen when 
compared to the other stations. Two features of the sat­
uration curve at this station seem particular!ly inter­
esting. As noted above the degree of saturation was con­
sistently lower. This indicated that oxygen was being 
used for breakdown of organic material. The other inter­
esting feature is the low point on the saturation curve 
for this station. That particular time, September, October 
and early November, coincided with the period of heavy 
mortality in post-spawning Kokanee Salmon and also with 
a period of high rate of water contribution from oxbow 
lakes and other low lying areas. Oxygen depletion at this 
station was significant at that time but it was apparent 
that no serious oyygen shortage developed.
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III. CARBON DIOXIDE LEVEL INCREASES AT DOWNSTREAM STATIONS
The carbon dioxide supply of a trace to 8 ppm was a 
sufficient supply for plant growth but not high enough to 
seriously harm an animal population.
Compared with Stations 2 (16M.) and 3, Station 1 had 
an intermediate value at most times. It was markedly lower 
only during spring runoff. This low point might be account­
ed for in the influence of the fine, carbonate containing 
particles present in the silt burden of the stream reacting 
with dissolved carbon dioxide to produce bicarbonate ions.
At that time Station 2 (16M.) continued to have a carbon 
dioxide source from decay of organic material, and Station 
3 had a source, as dry material from the previous year 
was innundated providing conditions under which decay might 
recommence.
The low concentration point for Station 3 coincided 
with peak oxygen saturation values and peak photosynthetic 
activity. The peak in carbon dioxide concentration for 
all stations was during the autumn season and the maximum 
concentration was that of Station 2 (16M. ). This substanti­
ates the hypothesis of a contribution of organic material 
from salmon mortality, inflow from low lying areas or both.
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Comparing carbon dioxide levels at the three general 
locations sampled indicated a progressive increase in 
level as the water proceeded down stream. The investigator 
feels that the increase shown would have been even more 
striking if a deep water sampling station had been included 
at Station 4. This pattern of carbon dioxide concentration 
indicated that the level of organic decay, and consequently 
the burden of organic matter deposited on the bottom, in­
creased all the way to the mouth of the river.
From this the investigator reasoned that although 
the load of organic matter was within the capacity of the 
stream, a considerable burden did exist which became in­
creasingly significant downstream.
IV. LOWER RIVER INCREASED IN ALKALINITY 
The Old Steel Bridge station yielded samples of 
consistently lower alkalinity than Stations 2 (surface),
2 (16M. ) and 3, Station 4 samples varied above and below 
Station 1. The investigator proposes that the gain in 
concentration between the upper and middle stations may 
be accounted for by contributions from tributaries.
Ashley Creek, the Stillwater River and Spring Creek were 
all tested for alkalinity on two occasions. In each case
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the tests revealed concentrations of bicarbonate ion in 
excess of 160 ppm as well as the presence of carbonate 
ion in the Stillwater River and Spring Creek. Total 
alkalinity was more than three times the level found in 
the Flathead River at Station 1 at those times.
The abrupt rise in bicarbonates noted in early 
November may be accounted for on the basis of water from 
Hungry Horse Reservoir. At that time the flow chart 
shows that the Flathead was primarily carrying water from 
behind Hungry Horse Dam. The chart shows further that the 
period referred to was the first period of extensive draw­
down of the reservoir. Considering the location of the 
penstock outlets at Hungry Horse Dam, this would indicate 
that water lying just above the permanent pool was being 
drawn out. A decline of alkalinity paralelled the draw­
down of the reservoir.
The readers* attention is directed at this point to 
Hanzel*s comparison of alkalinity in the Flathead River 
proper with water from behind Hungry Horse Dam in 1963,- 
1964.^ Hanzel recorded a consistently lower level in
mianzel D.A., Survey of Cutthroat and Dolly Varden 
Trout etc., Montana Fish and Game Dept., p. 7.
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alkalinity in the South Fork River water except during a 
period of initial drawdown. To the investigator this 
suggests the definite possibility of a meromictic condition 
behind Hungry Horse Dam.
V. HYDROGEN ION CONCENTRATION 
Hydrogen ion balance remained slightly alkaline.
This result agreed with the level of carbon dioxide en­
countered and with a zero concentration of carbonate ion,
VI. SULFIDE IMPLICATIONS
Before discussing the implications of the zero values 
found for sulfide concentration it seems useful to examine 
the chemical basis for the analytical methods used and to 
review in a brief manner some of the reactions involving 
sulfur in an aquatic environment.
Chemical basis for procedure. The sensitivity 
values claimed for the tests are only valid if the stand­
ards used established conditions comparable to those found
in the stream. In this instance Hutchinson's description of
2sulfide chemistry in water was found to be most pertinent.
^Hutchinson, G. Evelyn, A Treatise on Limnology 
Volume 1 (New York: John Wiley and Sons, 1957) p. 759.
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Concerning the concentrations of the various sulfur 
containing ions and molecules found at pH values encount­
ered in natural waters and within the temperature ranges 
encountered, the following equations are derived.
HzS = [B+1 [OHi+1 
0.91 X 10“7
HS- = [B+]
S“ * [B+] X IQ-15 
[OH3+]
Values of expressions:
B+ = Base ions present
HS" = Bisulfide ion
H2S = Molecular hydrogen sulfide
S" = Sulfide ion present
It may be seen from the above equations that re­
duced sulfur will be present primarily as H2S and HS", 
and the concentration of the sulfide ion may be neglected 
as insignificant.
The sulfide standards were comparable with stream 
conditions, and lead acetate has long been a standard 
qualitative test for dissolved sulfides. Consequently, 
the procedures used and sensitivities indicated for them 
were accepted.
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Sulfur reactions. Sources of sulfur in natural 
waters are sulfate salts, the sulfur from protein break­
down, and pollution by domestic sewage and industrial 
effluent. In well oxygenated water no sulfides are 
present due to their direct oxidation to sulfates.
The oxidation by sulfur bacteria proceeds by the 
reactions :
2H2S + O2 2H2O + S2 + 122 calories 
2S + 302 + 2H2O - 2H2SO4 + 282 calories 
Under conditions of very low oxygen supply the 
sulfate ion is reduced to sulfides. If methane is present 
from the decomposition of organic matter, particularly 
cellulose, the reaction:
CaS04 + CH4 = CaCOg + H2S + H2O predominates.
This discussion of sulfur reactions was based on
3Ruttner's presentation.
Sulfide test implications. In water which approached 
saturation with oxygen at all times, it was not unusual 
to fail in detection of sulfides. Based upon the discussion
^Ruttner, Franz, Fundamentals of Limnology (Toronto: 
The University of Toronto Press, 1963) p. 91 and pp. 201-203
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above it is theorized that oxygen demand must be increased 
to the point of disappearance of dissolved oxygen from the 
stream at some point before any sulfide could be detected.
VII. CORRELATION OF CHEMISTRY-TEMPERATURE RESULTS 
The lower Flathead can be characterized as a cold 
water stream with a high oxygen content. Carbon dioxide 
levels were within optimum tolerances, and the stream 
verged on being mineral poor from the standpoint of 
bicarbonates.
Carbon dioxide and oxygen levels confirmed what 
might be suspected from temperature and current— that 
rate of decay increased as the water moved down stream.
This was probably because the speed of the current de­
creased and more organic matter settled out contributing 
to an increased bottom deposit. The temperature was low 
for decay in transit to be effective.
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CHAPTER IX
PLANKTON STUDY AND COLIFORM SURVEY DISCUSSED
The objective of a plankton study in connection 
with water quality was primarily to consider the effect 
or possible effect of that population on the taste, odor 
and aesthetic qualities of the stream. Secondarily, the 
plankton population was examined in an effort to detect 
mineral enrichment in the water. In the first section 
of this chapter the plankton study results are discussed 
relative to these objectives.
The second part of the chapter deals with the find­
ings of the coliform survey as an indicator of the amount 
and sources of sewage pollution carried by the stream.
I. PLANKTON BLOOMS NOT INDICATED
The quantity and quality of the plankton population 
in a stream at a given time are the result of several 
factors. Current, light incident on the stream, materials 
in solution and suspension, water temperature and contribu­
tions of plankton to the stream from the drainage basin are 
important influences.
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The results of the plankton Investigation indicated 
a rather small population in the stream. The results 
further indicated that blue-green algae, which are most 
likely to cause taste and odor problems, were a very 
minor part of the total plankton population.
From December 1 to July 1 the ratio of channel size 
to volume of water carried by the stream was small, result­
ing in a current fast enough to keep the size of the plank­
ton population at a minimum. The period of possible blue- 
green blooms was probably further limited by insufficient 
light intensity after September 15.
However, two conditions favorable for a bloom 
occurred together. The period of minimum current coincided 
with the period of maximum photo period and light intensity. 
That a bloom did not occur probably resulted from low levels 
of phosphates and nitrates, low water temperatures or the 
combination of these factors.
The contribution of Chytridiomycetes was probably 
attributable to effluent from low lying areas which drain 
back into the main stream as the level of Flathead Lake 
is reduced. This would correlate with data from the 
carbon dioxide and oxygen analyses.
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II. COLIFORM SURVEY
Availability of facilities limited early coliform 
work to a plate streak technique. As this method is quite 
insensitive, any coliform recovery must be viewed as evi­
dence of presence of high numbers of coliform organisms^ 
and consequently the existence of high amounts of sewage 
effluent in the stream.
Recovery rate increased as water temperatures 
dropped and the current increased. This might be explain­
ed by temperature slowing natural purification processes 
and current giving them less time to proceed. The Flathead 
River appeared to carry rather large amounts of sewage 
effluent during the autumn, winter and spring months of 
the period surveyed.
The membrane filter technique, available on a limit­
ed basis during the summer 1966, was used primarily to 
determine the source or sources of sewage pollution. It 
was evident from the results that at least two major sources 
existed: The Ashley Creek source carrying effluent from
^If one could assume even distribution, then recovery 
of one colony per sample from % of the samples would indicate 
levels in excess of 1000 organisms/100 ml. water.
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Kallspell, and some other source which entered the stream 
between Station 1 and the mouth of Ashley Creek.
Subsequent investigation indicated that both the 
Stillwater River and Spring Creek carried high amounts 
of coliforms at least part of the time. Both of these 
streams receive ground water from an area of rather dense 
population in which sewage disposal is accomplished by 
septic tanks. In addition to raw domestic sewage both 
streams are subject to pollution by livestock.
The sewage pollution problem at Station 1 did not 
appear to be serious, but the Flathead River carried a 
sizeable sewage load downstream from that point, partic­
ularly during the cooler months. Obviously the water in 
the stream was unfit for domestic use unless complete 
treatment was employed. The use of this water for bath­
ing and other forms of recreation bringing the user into
2—3direct contact with the water is questionable. Perhaps
the greatest problem presented by this level of coliforms
Me Kee, Jack Edward and Wolf, Harold W., Water 
Quality Criteria. The Resources Agency of California State 
Water Quality Board, Sacramento, Calif., 1963, pp. 118-121.
^Ibid., p. 45.
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in the stream is the subsequent domestic use of the water 
once it has entered Flathead Lake. The Lake is classified 
as Class A water and as such it is permissible to use it 
as a domestic source after simple chlorination.
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CHAPTER X 
CONCLUSIONS AND RECOMMENDATIONS
The chemical and biological aspects investigated 
presented no serious problems of water quality. However, 
this research indicated the existence of problems beyond 
the scope of this investigation. A problem suggested 
earlier deals with the possibility of incomplete mixing 
of water in the Hungry Horse Reservoir.
Investigation into the parameters of current, 
temperature and mineral enrichment necessary for a 
plankton bloom in the Flathead River would give some 
indication of where the safety limits of the stream lie 
in this direction.
Bottom sampling to determine degradation rates 
and biochemical oxygen demand and correlation of these 
values with location and temperature is needed if a 
safety limit were to be established for the amount of 
organic matter the stream could carry.
During the period of this investigation no evi­
dence of industrial pollution appeared. The investiga­
tor visited Anaconda Aluminum Company and interviewed
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Mr. Warren Hook who is in charge of environmental sanitation. 
The company produces a considerable fluoride effluent, but 
this effluent is isolated in a pond on company property.
So far there have been no indications of this effluent 
reaching the river.
As indicated in the previous chapter the principal 
problem in the Flathead River at present is evidenced by 
presence of coliforms. It is suggested that the coliform 
problem be investigated further and that the source of 
this pollution be identified and corrected. The investi­
gator feels that two general sources are responsible.
The first of these is domestic sewage, the second, pollu­
tion from farm animals.
A considerable part of the sewage pollution in the 
stream came from the city of Kalispell by way of Ashley 
Creek. Kalispell has been asked to have secondary sewage 
treatment facilities under construction by 1970. Second­
ary treatment should minimize that source of pollution.
^Personal communication - D.G. Williams, Chief Water 
Pollution Control, State Board of Health, Helena, Montana, 
October 5, 1966.
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The pollution sources entering the stream between 
the Old Steel Bridge and Ashley Creek remain to be 
Identified and remedied. It Is also possible that 
other sources of pollution are entering the stream be­
tween Ashley Creek and the mouth of the river.
In Instances where this pollution results from 
concentrations of people, measures have been adopted 
which apply to the situation. However, when the pollution 
Is due to farm animals the solution Is not as simple.
It Is the recommendation of the Investigator that pollu­
tion control be adopted as a conservation practice by 
state and county Agricultural Stabilization and Conser­
vation Committees.
The recommendations above are based on the funda­
mental conclusion of this Investigator, that It is unwise 
to allow the Flathead River to be or to become a water 
quality problem.
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Date
9-7-65
16-7-65
23-7-65
30-7-65
7-8-65
13-8-65
68
WATER CHEMISTRY AND TEMPERATURE DATA
Free Water
Station DO
ppm COgppm
HCOg
ppm pH
Temp
C.
1 10.1 2 51 7.9 15.5
2 10.8 tr. 53 7.9 14.5
2 (16 M.) 9.2 3 56 7.9 14
3 9.0 4 57 7.9 16
4 10.2 6 41 7.9 15
1 9.2 4 67 7.9 20
2 9.5 2 74 7.9 16
2 (16 M.) 8.9 3 69 7.9 16
3 9.8 tr. 67 7.9 18.5
4 9.2 2 71 7.9 16.5
1 10.3 3 84 7.9 15
2 9.9 2 86 7.9 16
2 (16 M.) 10.2 2 85 7.9 14.5
3 9.8 tr. 63 8.0 17.5
4 10.1 3 74 7.9 15
1 9.2 2 56 7.9 20.5
2 10.7 3 53 7.9 20
2 (16 M.) 11 2 53 7.9 19.5
3 8:9 4 59 8.0 20
4 9:4 4 51 7.9 19
1 9.2 1 61 7.9 15.5
2 8.4 3 68 7.9 16.5
2 (16 M.) 9.7 3 72 7.9 16
3 10.6 1 70 8.0 18
4 10.2 3 83 7.9 16.5
1 9.4 2 63 7.9 17
2 9.1 2 62 7.9 17
2 (16 M.) 8.8 2 69 7.9 16.5
3 9.3 1 58 8.0 17.5
4 9.0 3 59 7.9 17
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WATER CHEMISTRY AMD TEMPERATURE DATA
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Date Station DO
J>pm
Free
COg
ppm
HCOg
ppm
pH
Water
Temp.
C.
10.1 2 50 Neutral 14.5
9.9 2 59 •1 14.5
9.9 3 58 ti 12.5
10.4 tr. 63 If 15
9.8 2 56 ft 14.5
9.8 3 58 II 11.5
9.9 6 64 It 11.5
9.7 4 66 It 11
10.0 2 64 II 11.5
9.9 3 63 It 11.5
10.4 3 66 II 10
10.2 3 59 II 10.5
10.3 6 69 It 10
10.6 2 62 It 11
10.1 4 65 ti 10.5
10.2 5 49 II 10
10.6 2 52 II 9.5
9.2 6 63 It 9
10.7 2 57 II 10
9.9 5 61 It 9.5
— •  •  «
10.2 5 54 II 9
9.5 6 59 It 9
10.4 3 51 II 9.5
10.1 5 57 II 9
10.6 3 47 It 9
10.4 4 51 II 9
10.1 8 57 It 8.5
10.5 5 54 It 9
10.4 5 60 II 9
26—8—65
5-9-65
12-9-65
19-9-65
3-10-65
12-10-65
1
2
2
3
4
1
22
3
4
1
2
2
3
4
1
2
2
3
4
1
2
2
3
4
1
2
2
3
4
(16 M.)
(16 M.)
(16 M.)
(16 M.)
(16 M.)
(16 M.)
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WATER CHEMISTRY AND TEMPERATURE DATA
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Free Water
Date Station DO
ppm
COg
ppm
HCO3
ppm
pH TCTip
C.
1 10.8 6 68 Neutral 8
2 10.7 5 60 II 8.5
2 (16 M.) 9.6 6 66 II 7
3 10.9 6 59 II 9
4 10.4 6 67 II 8.5
1
2 10.9 6 48 II 7.5
2 (16 M.) 9.4 4 51 II 6.5
3 10.7 3 58 II 7.5
4 10.8 6 47 II 7.5
1 11.9 2 88 II 6.5
2 12.0 3 87 II 7
2 (16 M.) 11.6 4 90 II 6.5
3 12.2 3 81 II 7
4 12.0 5 84 II 7
1 —
2 12.0 3 90 II 6
2 (16 M.) 11.4 6 96 II 6
3 12.1 5 88 II 6
4 12.0 3 86 II 6
1 12.4 4 90 It 3
2 12.1 5 87 It 3.5
2 (16 M.) 11.6 8 94 It 4
3 12.4 5 87 II 3.5
4 12.0 4 87 II 3
1 12.8 4 81 II 3
2 12.9 3 79 II 3
2 (16 M.) 12.4 3 80 II 3.5
3 12.9 3 77 II 3
4 12.7 4 81 II 3
23-10-65
31-10-65
7-11-65
16-11-65
28-11-65
11-12-65
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WATER CHEMISTRY AND TEMPERATURE DATA
Date Station DOppm
Free
COg
ppm
HCO"
ppm
pH
Water
Temp.
C.
19-12-65 1 13.0 3 79 Neutral 2
2 13.1 4 81 ft 2
2 (16 M.) 12.2 3 85 If 3
3 13.2 3 82 ff 2
4 12.9 3 77 tf 2
8-1-66 1 12.8 2 76 It 1
2 12.5 2 79 It 1
2 (16 M.) 12.2 4 84 ft 2.5
3 12.7 3 78 II 1
4 12.9 2 76 II 2
28-1-66 1 13.1 3 74 II 0.5
2 13.3 3 73 ft 1
2 (16 M.) 12.9 3 79 tt 2.5
3 13.4 2 74 If 1
4 13.0 4 71 tf 1
20-2-66 1 12.8 3 73 II 2
2 12.6 2 71 tf 2
2 (16 M.) 12.3 2 76 tf 2.5
3 12.5 2 69 II 2
4 12.9 2 74 ft 2
13-3-66 1 12.2 2 60 ft 3
2 12.1 2 62 ft 3
2 (16 M.) 11.7 3 69 If 3
3 12.3 2 61 II 3
4 12.5 3 66 If 2.5
27-3-66 1 11.8 2 64 II 3
2 11.7 5 73 ft 2.5
2 (16 M.) 11.7 4 79 II 3
3 11.8 3 71 ft 2.5
4 11.9 5 74 If 3
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WATER CHEMISTRY AND TEMPERATURE DATA
72
Date Station DOppm
FreeCO2 HCO5 pH 
ppm_____
Water
Temp.
C.
12-4-66
24-4-66
8-5—66
29-5-66
12- 6-66
5-7-66
1 -
2 11.6 4 76 Neutral 5.5
2 (16 M.)ll.a 4 83 t i 4.5
3 11.6 3 74 • t 5.5
4 11.7 5 75 t i 5.5
1 11.4 3 72 I I 5
2 11.6 6 68 I I 4.5
2 (16 M.)11.5 5 76 4
3 11.5 4 72 I I 4.5
4 11.3 5 70 I I 4.5
1 11.1 2 54 I I 6.5
2 11.0 4 51 I I 7
2 (16 M.)10.8 5 60 I I 6.5
3 11.1 4 53 I t 7
4 11.1 4 55 I I 7
1 11.3 2 71 I t 5
2 11.2 3 76 I I 4.5
2 (16 M.)11.2 2 73 I t 4.5
3 11.2 1 73 I t 5
4 11.4 2 72 I t 5.5
1 11.1 tr. 59 I t 7
2 11.0 2 63 I t 7
2 (16 M.)10.7 4 69 I f 6.5
3 11.0 2 61 I I 7.5
4 11.3 3 60 I I 7
1 10.3 3 54 I t 10
2 10.3 2 56 I I 10
2 (16 M.)10.1 2 62 I I 10
3 10.5 1 54 I t 10
4 10.3 4 57 I I 10
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